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Executive Summary
The U.S. Department of Energy's Building America (BA) Program is a research and development program to improve the energy performance of new and existing homes. The ultimate BA goal is to achieve examples of cost-effective, energy-efficient solutions for all U.S. climate zones. This goal will be met using a whole-house system engineering approach and by uniting segments of the industry that traditionally work independently of one another, including architects, engineers, builders, remodelers, trade contractors, manufacturers, material suppliers, community planners, and mortgage lenders.
One example of this type of collaboration is the National Green Building Standard (NGBS) (ANSI/NAHB ICC 2009 ). ICC 700 was developed by a balanced consensus committee of general interest, producers, and users and approved by the American National Standards Institute (ANSI) as an American National Standard on January 29, 2009. Periodic maintenance of an ANSI standard by review of the entire document and action to revise or reaffirm it on a schedule not to exceed five years is required by ANSI. In compliance, a consensus group has once again been formed and NGBS is currently being reviewed to comply with the periodic maintenance requirement of an ANSI standard.
There are two important considerations for the energy efficiency chapter update process. The first is the methodology for energy savings and the second is the new baseline for energy savings. The updated energy chapter is proposed to use a whole-house energy savings methodology and therefore further align with the BA methodology. In addition, the newly proposed baseline for energy savings is the 2009 International Energy Conservation Code (IECC). Therefore, in order to reach any level of certification, the building's performance must exceed that of a similar building constructed to the 2009 IECC. Effectively, this results in the lowest level of certification, Bronze in the energy efficiency chapter, aligning with the 2012 IECC. The savings for the other three levels, Silver, Gold, and Emerald, are even higher. The recommendations in this report are made with the goal of making the NGBS rating levels consistent with IECC 2012 and BA goals. Actual savings levels will depend on final decisions made by the consensus committee.
This report details the proposed point structure for the prescriptive approach of the energy efficiency chapter of the NGBS update. This proposed point structure was developed with support from the BA house design and simulation protocols. The source energy was calculated for both the reference home and the proposed house in each specific climate. This analysis also compared the simulated energy performance of a home designed to meet the revised NGBS Chapter 7 at the Gold level with reference to the 2010 BA Benchmark using the BA House Simulation Protocols. The results of modeling various houses in multiple climate zones indicate that the range of energy savings for the designs is 40%-50% for the Gold level. This range aligns well with BA program energy savings goals of 30%-50% whole-house energy savings.
Background
One example of this type of collaboration is the National Green Building Standard (NGBS) (ANSI/NAHB ICC 700-2008 , 2009 . ICC 700 was developed by a balanced consensus committee of general interest, producers, and users and approved by the American National Standards Institute (ANSI) as an American National Standard on January 29, 2009. Periodic maintenance of an ANSI standard by review of the entire document and action to revise or reaffirm it on a schedule not to exceed five years is required by ANSI. In compliance, a consensus group has once again been formed and the NGBS is currently being reviewed to comply with the periodic maintenance requirement of an ANSI standard.
As part of the periodic maintenance the energy efficiency portion of the ICC 700, Chapter 7 Energy Efficiency, is being updated. There are two important considerations for the energy efficiency chapter update process. The first is the methodology for energy savings and the second is the new baseline for energy savings. The updated energy chapter is proposed to use a whole-house energy savings methodology and therefore further align with the BA methodology. In addition, the newly proposed baseline for energy savings is the 2009 International Energy Conservation Code (IECC) (IECC, 2009) . Therefore, in order to reach any level of certification, the building's performance must exceed that of a similar building constructed to the 2009 IECC. Effectively, this results in the lowest level of certification, Bronze in the energy efficiency chapter, aligning with the 2012 IECC (IECC, 2012). The savings for the other three levels, Silver, Gold, and Emerald, are even higher. The recommendations in this report are made with the goal of making the NGBS rating levels consistent with IECC 2012 and BA goals (see Tables  1 and 2 ). Actual savings levels will depend on final decisions made by the consensus committee. The ICC 700 and BA link building science research and actual energy efficiency improvements implemented by builders and remodelers based on a whole-house systems approach. This relationship demonstrates that homes can be designed and constructed according to the principles developed by BA on a larger scale. The collaboration introduces builders and remodelers to certification programs including Builders Challenge through the dual certification process, and provides materials for the marketing and sales activities of high performance builders.
Introduction
NBGS is a system of rating the sustainability of the siting, construction practices and products, and expected performance of a residential building. Point thresholds determine the project's compliance with the criteria that support progressively higher rating levels: Bronze, Silver, Gold and Emerald. By the ICC 700-2008, practices defined in the areas of site development, resource efficiency, energy efficiency, water efficiency, indoor environmental quality, and operation, maintenance, and education earn points toward an overall green rating level.
Chapter 7 of the ICC 700-2008 covers the energy efficiency (EE) of residential buildings. To be useful to a broad spectrum of builders, the ICC 700-2008 allows a choice between a performance and a prescriptive approach to achieve the Energy Efficiency Chapter 7 point thresholds for the Bronze, Silver, and Gold levels. The highest level rating (Emerald), requires use of the performance compliance approach.
The proposed revisions to Chapter 7, Energy Efficiency, of the ICC 700-2008 are the subject of this analysis; specifically, the correlation of the points for individual prescriptive practices relative to the expected energy savings from that practice. As part of this process, task groups were developed to address specific topics and make recommendations to the Consensus Committee. Task Group 5 was assigned to Chapter 7 review. A primary goal of Task Group 5 was to recommend changes to eliminate incongruities between various sections of Chapter 7. In particular, in practice it was recognized that the points available through the Prescriptive Path (Section 703) were often inconsistent with the points available from the Performance Path (Section 702). To avoid redundancies, Task Group 5 proposed that some of Section 704, Additional Practices points, be moved to the Prescriptive Path, Section 703, thereby aligning the chapter's rating system for both compliance path approaches more closely with the effective whole-house energy savings results. A goal of the task group was to align the Prescriptive and Performance Path practices' point values with the practices' actual contribution to a building's energy efficiency.
ANSI/NAHB ICC 700-2008 Background
Furthermore, Task Group 5 proposed to the Consensus Committee (which has since approved it) that a building meet the minimum requirements of the 2009 IECC. Because some of the provisions in the 2009 IECC had previously been awarded points in the ICC 700-2008, these incongruities had to be resolved in the updates to the standard through recommendations to the Consensus Committee. The task group also recommended redefined levels of merit within the ICC 700 Standard as 15%, 30%, 40%, and 50% better "whole-house" energy performance than the 2009 IECC. (ICC 700-2008 levels were 15%-60% over the 2006 IECC.)
Working in parallel with the recommendations proposed by Task Group 5, this report details the effort to review the Prescriptive Path approach (Section 703) of Chapter 7 and recommend a point structure that will support the stated energy savings thresholds that will be ultimately recommended to the Consensus Committee for approval.
Measurement of Energy Efficiency
Baseline Metrics
In order to establish a baseline metric consistent with the 2009 IECC, a standard house design was developed from statistics in annual builder surveys compiled by the NAHB Research Center. The standard house design was used in the energy simulations undertaken to support point recommendations in Section 703 of Chapter 7. This standard house design was modeled on various foundations, again selected from statistical data by region. Climate zones and cities within the zones where each of these designs was modeled, were selected based on BA 1 and other resources.
2 The climate zones extend from 1 through 8 (covering the United States) and the selected locations include moist and dry climates in each zone, as appropriate. Thirteen cities were selected to represent the eight climate zones in the country. Table 3 and Table 4 cover the house design details; Table 5 covers the location information used in the energy simulations. The 2009 IECC is the baseline energy code above which the energy efficiency of the pending version of ICC 700 was gauged based on the anticipated timing of the updated ICC 700 release in 2012. In order to perform representative simulations in BEopt, 3 the energy simulation software used by BA, a reference house was defined. The reference house represents minimum prescriptive compliance with the 2009 IECC, Section 402.1.
The BA and the Residential Energy Services Network (RESNET) 4 guidelines are used as a basis for the analysis (Hendron, R; Engebrecht, C, 2010) . Both of these approaches to energy savings, along with the software that is used to model house energy use, are important to provide better, more detailed analysis for the ICC 700, Chapter 7. Both are needed because the point system development for the ICC 700, as well as practical, commercially available modeling tools to verify compliance within the Standard, require use of multiple approaches. Both of these approaches are integrated in this analysis to provide the basis for the development of the point system in the Energy Efficiency chapter of the ICC 700.
BA and RESNET apply different procedures to simulate plug, appliance, and miscellaneous electric loads in houses, and these organizations' simulation protocols back the two predominant residential energy simulation software programs. RESNET procedures for estimates of lighting and appliance energy 5 were reflected in the reference house used in this analysis so that wholehouse simulation results might be similar from the two software programs when practices in the ICC 700 are applied.
6 Table 6 and Table 7 highlight the differences between RESNET and BA energy use estimates. As shown in the last row of Table 7 , there is a minor difference (less than 1%) between the aggregate energy usage estimates underlying each of the software models; however, there are significant differences within categories (some of which are prescriptive practices in the ICC 700). This reinforces the decision that was made for this analysis to create a reference house in addition to the BEopt baseline benchmark house for the point value analyses that follow. The reference house also contains features consistent with the IECC 2009, such as Section 404.1 requiring 50% of the hardwired fixtures in the reference house to be high efficacy. Table 8 covers reference house features specified by the 2009 energy code for an energy simulation. 
Modeling Software and Analysis Methodology
BEopt version 1.1, developed by National Renewable Energy Laboratory (NREL), 9 was used to simulate the reference house and each new design that incorporated one practice from section 703. As an initial step in the analysis, the whole-house energy cost (and savings relative to the reference house) for each individual practice in the ICC 700 was calculated. The whole-house approach to savings was used, as it is deemed most representative of assumptions held by consumers and many builders and is in alignment with the BA and ENERGY STAR approaches to reporting the energy efficiency of homes. The approach allows for a simple and as factual as possible comparison between a defined baseline and the anticipated actual usage that may be observed, e.g., by periodic utility bills in an occupied green certified home.
Where software models did not provide options that match directly with the prescriptive provisions but do result in energy savings, the following methodologies were used:
• REScheck software 10 was used to establish UA percent levels for building envelope features.
• Air and ground source heat pump energy use estimates are based on HVAC performance estimates of energy savings over standard equipment applied to the heating and cooling portion of the whole house estimates.
• Whole-house energy savings estimates for the whole-house fan were based on percent energy savings calculated from REMrate models for that feature.
7 Maximum acceptable leakage threshold varies by level and timing of testing performed. Reference house set up with 6% leakage. 8 7ACH50 9 NREL developed the BEopt software to provide capabilities to evaluate residential building designs and identify cost-optimal efficiency packages at various levels of whole-house energy savings. http://www.nrel.gov/buildings/energy_analysis.html 10 REScheck software, refer to www.energycodes.gov, Build Version 4.4.1.6.
• Energy estimates for the ductless heating and cooling systems were based on total energy savings results from BEopt and apportioned based on the heating and cooling energy estimates for the location.
• Whole-house energy savings estimates for the desuperheater were based on percent energy savings calculated from REMrate 11 models for that feature.
• Programmable thermostat savings estimated at 1% of whole-house savings (2%-3% of heating and cooling energy) due to the inconsistent reports on energy savings.
12
• Energy use estimates for solar water heaters are based on the methodology outlined in the Solar Rating & Certification Corporation (SRCC) documentation for calculating savings based on the fuel and tank backup to the solar hot water system for the stated solar energy factor (SEF) and including locality cost of fuel.
Both the original and the proposed versions of the ICC 700 Standard stipulate an energy cost approach for the performance analysis, thus, that is the simulation approach used in this analysis. Utility costs used in each location were developed through an analysis of the Energy Information Administration (EIA) cost data relative to the climate zone(s) of each state. The first step in the analysis was to determine the EIA 2010 state average cost of the utility without service charges. 13 Next the climate zone or zones for each state were correlated with the EIA cost data. Finally, the average cost was determined for each climate zone, weighting each state and climate zone equally. The result was an average cost for electricity and natural gas for the climate zone. The local average annual costs which were used for the modeling are very close to the national average cost for electricity and natural gas published by EIA. Furthermore, for each climate zone using averaged state utility cost data, the ratio of the electricity cost to the natural gas cost was the same or nearly the same as the ratio of national average cost data. The cost analysis matrix is shown in Appendix A.
The 15 reference houses were simulated as either all electric houses or gas and electric houses, thus, 30 reference house cases were examined in the analysis. Fuel switching was not modeled. In the gas house, all of the equipment that could be fueled with natural gas was modeled with gas. The energy cost difference between the house employing a green practice and the reference house was converted to a percentage (energy) savings for the practice in a matrix.
For the next step, a 40%-50% whole house energy savings case was modeled for each reference house based on the available practices in the prescriptive approach (Section 703). Forty percent marks the threshold (Gold) that can be obtained using the prescriptive practices outlined in Section 703, as the 50% efficiency level of the ICC 700 (Emerald) requires that a performance analysis (Section 702) of the building support the points claimed. Selected 40%-50% cases were also modeled in REM/Rate version 12.96, to provide a test of energy savings attributed to a combination of practices and the results provided through the software. Results from the two software programs were similar and the BEopt output was recorded in the matrix for each of the 30 simulations. Again, the maximum cost savings outcomes were interpreted as the percentage of energy savings over the reference house.
The maximum efficiency savings results from the 40%-50% cases compared to the arithmetic sum of individual practices that comprised the cases was however, not equal. This of course is expected, as often system interactions can account for different (and higher) energy use estimates as cumulative efficiency practices are employed, such as the effect of high-efficiency lighting on lower winter heat gain in buildings and higher heat energy demand. The sum of individual savings for each practice was higher than the 40%-50% packages for all of the cases that were analyzed. To compensate for what might otherwise be an overstatement of efficiency gains, a simple ratio between the sum of the individual practices and the combination maximum savings (of the selected efficiency features) was calculated and applied to the efficiency savings estimate for each individual practice in the matrix. This action reduced the individual practice percentage savings estimates by 4%-37%, varying by fuel source, location, and foundation type.
Once the efficiency savings of individual practices on the matrices were normalized for the cumulative effect, individual practices within each climate zone's foundation types were averaged, followed by averaging practices by climate zones and then by fuel type. This postprocessing approach refined the simulated results to one matrix consisting of 8 climate zone columns and 83 practices, each with a recommended point assignment. Each cell of the matrix contains a normalized percentage of energy savings that should be representative of the wholehouse efficiency benefit when multiple practices are employed (refer to Appendix B for examples of these matrices).
Results: Benchmark Source Energy Savings for the 40%-50% Case
Results in the draft normalized energy savings matrix (Appendix B) were also verified by comparing the 40%-50% case to the BA Benchmark. The Benchmark complies with BA simulation protocols (Hendron, R; Engebrecht, C, 2010) , whereas the reference and savings cases comply with the 2009 IECC standard reference criteria (Table 405 .5.2(1)) (IECC, 2009). Table 9 lists differences in simulation assumptions between the methods. Table 10 and Table 11 indicate the source energy use of the three cases -Benchmark, Reference (2009 IECC), and 40%-50% savings case (with the Benchmark serving as baseline). The comparison of the Benchmark to the 40%-50% case and the Benchmark to the reference indicates results are similar to those derived from the straight comparison of the reference to the 40%-50% savings cases that were analyzed for point value recommendations.
Energy Efficiency Point Value Recommendations
The final step in the analysis was conversion of the normalized savings estimates to the point scale used by ICC 700-2008 (ANSI/NAHB ICC 700-2008, 2009), which was one point for each half percent of energy savings. The normalized savings estimates were simply doubled and rounded to the nearest whole digit to convert the percentage of energy savings to suggested point values for the revised ICC 700. It is reasonable to keep the weight of the points similar from each version of the Standard to the next, thus, this analysis suggests the simplicity of the approach and presents a similar point scale for consideration based on the houses and practices described herein. In addition, where modeling was not feasible for some practices (e.g., insulation installation quality,) the extant point scale has been forwarded in this document. Table 13 and  Table 14 present the draft point scale suggested by the process outlined herein. The columns on the left represent the simulated, normalized points recommended by this analysis and the
Summary
The proposed point structure for the prescriptive approach of the Energy Efficiency chapter of the NGBS was developed with support from BA house design and simulation protocols. The source energy was calculated for both the reference home and the proposed house in each specific climate. This analysis also compared the simulated energy performance of a home designed to meet the revised NGBS Chapter 7 at the Gold level with reference to the 2010 BA Benchmark using the BA House Simulation Protocols. The results of modeling various houses in multiple climate zones indicate that the range of energy savings for the designs is 40%-50% for the Gold level. This range aligns well with BA program energy savings goals of 30%-50% whole-house energy savings.
Additional BA quality criteria, such as water management and indoor environmental quality, are promoted in Chapters 8 and 9 of the NGBS as both mandatory and point-based provisions. This aligns with the goals of BA and Builders Challenge to build homes that are energy efficient, safe, comfortable, and durable. 
